The Additive Euroscore (AE) predicts outcomes in cardiac surgical procedures performed on cardiopulmonary bypass. It's been widely used in developed nations but it's applicability in Kenya is unknown. Our objective was to determine its applicability at Kenyatta National Hospital (Kenya). Methods: A retrospective study was carried out between 1st January 2011 and 31st December 2015. Risk factor prevalence was compared with that of the AE derivation population. The AE was calculated; discrimination was determined by receiver operator curve analysis. Results: Of 109 patients, significant differences (Kenyan vs. AE derivation) were found in the prevalence of pulmonary y hypertension (58.7% vs. 2%) and isolated coronary artery bypass graft surgery (4.6% vs. 65%). Only double valve replacement was a risk factor for operative mortality; odds ratio 5.98 (1.83
Introduction
The aim of surgery is to improve patient health while minimizing patient exposure to procedure related morbidity and mortality; 'evidence based medical practice' (EBMP) is employed to facilitate this (1) (2) (3) . Crude operative mortality does not take into account the pre-operative mortality risk factor profile of patients; EBMP dictates that 'risk adjusted operative morality' be employed to assess surgical outcome (3, 4) . The use of risk stratification for the prediction of surgical outcomes is commonly practiced in most surgical disciplines. Risk stratification systems provide information that influences the choice of intervention, facilitates the process of obtaining informed consent and delivers a mechanism to measure surgical performance (5) . Preoperative risk factors have been shown to affect surgical outcome in cardiac surgery (6) . Risk to 19.49). The area under curve (AUC) for the AE was 0.59. Conclusion: The AUC for the AE implies poor discrimination in our population. Significant differences in the risk factor profile between our study population and the AE score derivation population may have contributed to this. Our findings suggest that the AE may not be applicable to patients in Kenya. We recommend that a local risk scoring system be developed. stratification systems that incorporate only preoperative factors are particularly useful as they facilitate decision making before any intervention has been administered. For instance, by predicting the risk of operative mortality, patient and surgeon can opt for a procedure with a mutually acceptable mortality. Best practice requires that the highest possible surgical outcomes be obtained. In this regard, predicted mortalities using risk stratification systems can be used to determine if the observed mortality lies within the parameters of accepted quality. Several preoperative factors have been shown to affect surgical outcome in cardiac surgery and preoperative surgical risk prediction scores incorporating these factors have been developed (6) . Many such scores were developed on specific patient populations and their applicability may not be generalizable (7) . As a result, cardiac surgical services have assessed the external validity of such scores and where necessary have recalibrated original scores or developed their own local scores to better predict outcomes in their patient population (8, 9) . The additive Euroscore (AE) has been widely used in developed nations; of particular note, a low preoperative cardiac ejection fraction (<30%) has been shown to be a predictor of increased operative mortality (10, 11) . In the AE, recognized preoperative risk factors are assigned numerical values from 0 to 3. These are added together to give a total score that predicts the risk of operative mortality as a percent. At the current time, the AE is occasionally used in Kenya; more commonly, the presence of an Ejection fraction of less than 30% is used to inform patients that they are at an increased risk for operative mortality. This study aimed to assess the applicability of the AE to a population of cardiac surgical patients in Nairobi, Kenya.
Methods
A retrospective study was carried out at the Kenyatta National Hospital (KNH) Nairobi (Kenya) between 1st January 2011 and 31st December 2015. The operative register in the cardiothoracic surgery theatre was reviewed. All patients aged 18 years or older who had valve surgery, coronary artery surgery or both on cardio-pulmonary bypass at KNH during the study period were included; a consecutive sample of patients was taken. Patient"s case notes with incomplete data were excluded. Risk factor prevalence was compared with that of the population used to derive the Euroscore. The "Chi-square" test was used for categorical variables and the Student"s t-test for means. The AE was calculated and its discrimination was determined by receiver operator curve (ROC) analysis.
The study was carried out following approval by the Kenyatta National Hospital/University of Nairobi-Ethics and Research Committee.
Results
Two hundred and two patients were identified from the cardiothoracic surgery theatre registry; 148 (73%) case files were available, 109 (54%) of which contained adequate information and were included in the study. The mean age was 35.1(+/-11); the in-hospital (operative) mortality was 13.8%. Table 1 summarizes the risk factor prevalence in the studied patients. Following risk factor analysis (see table 2), only double valve replacement (DVR) was found to be a risk factor for operative mortality; odds ratio 5.98 (1.83 to 19.49; p-value 0.003). The area under curve (AUC) for the AE score was 0.59; the curve is shown in figure 1 ; the grey lines represent the 95% confidence interval. Table 3 compares the risk factor profile of our study population with that of the Euroscore population and significant issues are discussed in the discussion section. Coronary artery bypass grafting (CABG) 4.6 
Discussion
Useful risk scores must have good discrimination and calibration (12) . Discrimination refers to a scores ability to distinguish between patients at low and high risk for a particular outcome. For example, if the majority of deaths occurred in patients that the model identified as high risk, the model is said to have good discrimination. On the other hand, if most deaths occur in patients that the model identified as low risk, the model has poor discrimination (13). Calibration refers to a score"s ability to predict risk in a group of patients. For example, if the model predicts that mortality in 1,000 patients would be 10% and if the observed mortality is 10% (or close to this), the model is well calibrated (13). There is a limit to the ability of regression analysis to identify risk factors (14) . Increasing the number of variables may improve score performance, however, including too many variables may lead to "over fitting" and thereby reduces the number of populations in which the score may be applicable (15) . Table 3 compares the prevalence of risk factors in our study patients and in those used to develop the AE. There are three striking features about this comparison: our patients were significantly younger, more of our patients had pulmonary hypertension (PHT) and very few of our patients had isolated coronary artery bypass graft (CABG). As far as patient age is concerned, the AE assigns our patients and those used to develop the AE, the same score. It means that for purposes of the AE, patient age was not different between the two groups. The highest value allocated to a particular risk factor in the AE is 3 and the lowest is 1. Poor left ventricular function is allocated 3 and PHT is allocated 2. Our patients had a significantly higher prevalence of PHT and so had a significantly higher prevalence of a "moderate" risk factor for operative mortality. The majority of our patients had a procedure other than isolated CABG and were allocated a score of 2 for this parameter. In contrast, the majority of patients used to create the AE had isolated CABG and this was not considered a risk factor for mortality and was allocated a score of "0". This means that the majority of our patients had this additional moderate risk factor for mortality. Taken together the majority of our patients had 2 additional moderate risk factors for operative mortality compared to the patients used to develop the AE. This may explain why the AUC was low (0.59). It may well be that these 2 additional risk factors in the majority of our patients, rendered our population too different for the AE to be valid in our population. As the discrimination of the AE in our patients was poor (AUC <65) it was deemed pointless to assess the calibration so this was not performed. Surprisingly, the prevalence of poor left ventricular function was not significantly different in the 2 populations. This was surprising because a common hypothesis in our unit for the higher operative mortalities is that our patients presented later and so are more likely to come to surgery with more advanced disease manifesting as a greater prevalence of poor left ventricular function. Our study population is quite small and almost half of the patients operated on during the study period could not be included in the study. Despite this our findings do raise the possibility that the AE may not be applicable to our patients. In addition, it was apparent from this study that the quality of our medical record keeping is poor. This is a significant problem as complete records are necessary to develop our own risk stratification system. In our study, DVR was a risk factor associated with increased operative risk. DVR requires a longer time on cardiopulmonary bypass (CPB) and extended CPB time is a traditional risk factor for operative mortality. However, the prevalence of DVR in our patients was not significantly different from that of those from whom the AE was developed.
Conclusion
Our study demonstrates that our patients may have had significantly more risk factors for operative morality than the patients used to develop the AE. This may explain the poor discrimination of the AE in our patients. It would seem reasonable to develop our own local risk stratification system. As DVR was found to be a risk factor for mortality in our patients, our local risk score should incorporate this risk factor. It would be prudent to allocate resources towards developing a cardiac surgery data base to ensure that adequate data is available for risk stratification score development.
